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(1. *hEZEKXRFH —WEER FRIFH A, €K 400038; 2. KITKFWES—ER RN, #b 500
434000 )

W OE BEY: RO AL T 2 (LOXL2 ) 7R A b i 8 3k DA K 5 IHAS 88 148 A U G &R o
Fik: NE GEO BEE P AR, LR IR g A SR 55 41 4T LOXL2 9 mRNA £k 2 5
B DM AR w5 AR 40 A 1 4 B LOXL2 6 I A rh i D g s 40 A 25 206 4R b LOXL2 5 i W 2 AE K A
(VEGFA ) F ik X Z& ., i Western blot, qRT-PCR Fl ELISA ¥ F ¥4 &% - I 0 45 98 40 g kk b
LOXL2 IR 3AJG, VEGFA M3RIE A WAk, HITHi i ik LOXL2 (1% IH 48 98 40 B 1) 2% A 55 3%
FEREFE N KN B2 400 (HUVECs ) Ji, WK HUE BB i o .
GR: GEO R EHTE R R, LOXL2 7 42U i Rk W] 1 L4 5% % (P<0.05) ; LOXL2 Al g
Z5 7 RN A 0 4 CEO B LOXL2 55 VEGFA i A1 S IEA X (r=0.320,0.243,0.234 ,
0.665, ¥ P<0.05) . fEAHE RN, T4 LOXL2 J§ VEGFA BRI M /r Wk E24 0 g R e, 3%
ik LOXL2 5 VEGFA AWK 20 i Tk (3 P<0.05) o T4 LOXL2 A JIH 45 98 4 A 1 2% 18
B2 B0 9% )5 HUVECs 85 1 s W Wi /b, il 6 35 LOXL2 A SRR 77 55 9% )5 HUVECs 8 B8 &
Bl W (¥ P<0.05) .
5. LOXL2 e[4S h i kT, JFrlRBil I Bl VEGFA Ry k4 BE R 8 ) 145 A il o
K§ER PRSI RE s 1A AR B 1 25 I B R I T A B g Ak,
FESES: R735.8

Expression of lysyl oxidase-like 2 in cholangiocarcinoma and
its relations with vascular endothelial growth factor A and
angiogenesis

PENG Tao"?, LI Dajiang', WANG Shuguang'

(1. Institute of Hepatobiliary Surgery, Southwest Hospital, Army Medical University, Chongqing 400038, China; 2. Department of Hepatobiliary
Surgery, the First Affiliated Hospital of Yangtze University, Jingzhou, Hubei 434000, China)

Abstract Objective: To investigate the expression of lysyl oxidase-like 2 (LOXL2) in cholangiocarcinoma (CCA) and its

association with angiogenesis in CCA.

EEWH: EHEARPIEGEIIH (81572456) .
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Methods: The relevant data were downloaded from the GEO database, and then, the difference in LOXL2 mRNA
expression between CCA tissue and tumor adjacent tissue was compared; the potential function of the LOXL2
in CCA was determined by gene set enrichment analysis; the relationship between the expressions of LOXL2
and vascular endothelial growth factor A (VEGFA) was analyzed in each dataset. The changes in expression and
secretion level of VEGFA in CCA cells after down- or up-regulating LOXL2 expression were detected by Western
blot, QRT-PCR and ELISA, respectively. The human umbilical vein endothelial cells (HUVECs) were cultured
with the conditioned medium from CCA cells with LOXL?2 interference or overexpression, and then, the tube
formation abilities of the HUVECs were observed.

Results: The results of GEO database analyses showed that the LOXL2 expression in CCA tissue was
significantly higher than that in tumor adjacent tissue (P<0.05); LOXL2 was possibly associated with
angiogenesis in CCA; there was a significant positive correlation between LOXL2 expression and VEGFA
expression in each GEO dataset (r=0.320, 0.243, 0.234 and 0.665, all P<0.05). In CCA cells, the VEGFA
expression and secretion level of LOXL2 were significantly decreased after LOXL2 interference, and
were significantly increased after LOXL2 overexpression (all P<0.05). The number of tube formation was
significantly decreased in HUVECs after culture with the conditioned medium from CCA with LOXL2
knockdown, and was significantly increased in HUVEC:s after culture with the conditioned medium from CCA
with LOXL2 overexpression (both P<0.05).

Conclusion: LOXL2 expression is increased in CCA and it may promote angiogenesis in CCA through
upregulating VEGFA expression.

Bile Duct Neoplasms; Lysyl Oxidase-Like 2; Vascular Endothelial Growth Factor A; Neovascularization,
Pathologic

CLC number: R735.8

0% (cholangiocarcinoma, CCA ) J& i

VEG A 18 A8 B 3 a7 X8 1L 8 T 152 0

V5T N SRR I B HOELA B2 AR 2% P A Sk i
L, RERERRNE, HRERIERE" RETE
FARI WA TRKIFEL, (ARSEELERPIREK
AT B T 0 B A TR T A e 4R B 1 O
W& 2 e A AL B FE A 12 (lysyl oxidase-like 2,
LOXL2 ) J& 2 fifd &b 5 [ 5t il 1 4t 2 ok 4k il ¢
R Z — o LOXL2 1 ¥ /2 I B £F 4 20 I 43 2
ok, S 5MMANET Y EIE ., & T 5 %
LOXL2 = R A2 o Mg iR 22 B DL 5 -BE 1
i Ji 2 U AR OG0 R e R i G R 4 Ak IE S
TLOXL27E A 4l 8 b i 325k, IR ifF T R4
RS, AR TWHILH R RRIEE, K
TERELOXL27E A i vh i A FHBLHI , A B 50
— 538 3 GE O B4l R IIE 52 LOX L2 78 1 48 i vh 2 36
0, FIFHGSEAZMHTLOXL2S 4T i 54 &
EGEOKHE 4 HrLOXL2 5 1M 3 W 2 A K B F A
( vascular endothelial growth factor A, VEGFA )
RIEMW KR, HAEERIN LK@ S T HLOXL2 MW 5%

© WA )T i [ & F I F 2P H

1 HRST®

1.1 HHRES

111 & #E KR BB BRI N AR
2 GEO T # (https://www.ncbi.nlm.nih.gov/
geo, GSE76297, GSE107943, GSE26566,

GSE89749 ) .

1.1.2 XA B £ 5 % 5 # (gene set enrichment
analysis, GSEA)  GSEA JH R VEAl — 4~ Hid & X
Fihy 5k PRI AR 1 6 PR A 5 3R 28 AH 5C B2 ke i ik DR 3 o
1 3 A1 R B, AT 40 0 G o 3R 0y ek Y AR IR
GSE76297 ¥4 & rh i 21 21 LOXL2 mRNA 23k
WP BRI S s AR 4L, BEH MsiDB ( Molecular
Signatures Database v6.2) H1 5 Ifil 48 A5 Bl AH 5C 1Y
FH 4 (http://software.broadinstitute.org/gsea/
msigdb/index.jsp) » GSEA 4% ¥7 fii F|l GSEA2.0.9
(http://www.broadinstitute.Org/gsea) . KR ¥E K
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I3 H9 LOXL2 mRNA /&5 % % 21 18
LOXL2 5484 s Z [ C & .
1.2 HAECIe
1.2.1 20 B 3% I B % 4 3 4 QBC939 fil RBE
JIE A e A B ARl A S I E A A, NI R KON B
41 B ( human umbilical vein endothelial cells,
HUVECs ) g [H 25 E ATCC 41} %2, W53 A&
10% &4 M3 (ZETA, HZA) & RPMI 1640, 4i
MEEFEAE 5%C0,. 37 CHIREFEF . #n LOXL2
BT P9 5 Aad kR A EF B A A (Rl o
A B Al 6 FL AR i A5, A 107 (100 ul) % &
AR R ST T A g 1 A i 2 i = O R
) .
1.2.2 Western blot #&m  {di H A 2 7 00 5 57
(FIG, EHE) RIPA 2/ ( Sigma-Aldrich, 3£
IR/l s s e = 10 o S s R
2% 15 min, 14 000 r/min, 4 CE.L> 15 min,
FULTE, W BiF. BCA 74&‘25'%77&&? 100 °CA5 P
10 min, £ SDS-PAGE ¥ % PVDF [, 5% JBiliE 45k
B 2 h, 51N A GAPHD —4t (1:10 000,
= J& ) . LOXL2 (1:2 000, Abcam) . VEGFA
(1:2000, Abcam) 4 “CEHI:, PBST Ik 10 min x
39, IIAZHE (1:4 000, Abcam) ZEiREH 2 h,
PBST {T{ﬂs 10 min x 3 . ECL & 8% W% .
1.2.3 % B £ ¥ PCR (qRT-PCR) # i &
RNA £ B AR 4§ Eastep Super if 7 & 7 & ¥ 17
(Promega, USA) . fF CFX96 3£ B} & & 1 #%
( Bio-Rad, ZEHE ) #fdi il SYBR i 7 ( Takara,
H A ) #8417 9 #f %2 & PCR. L5 H & 3 K.
LOXL2 1E [ 5] #: 5'-TCC TCA ATG CGG AGA
TGG TG-3', X 1 5] #: 5'-CTG TGA CAG TCG
TGC CAG AT-3'; VEGFA IE 1] 5 #: 5'-GGG
CAG AAT CAT CAC GAA GT-3', [ 51#9: 5'-TGG
TGA TGT TGG ACT CCT CA-3; GAPDH iF [ 5| #;
5'-AGA AGG CTG GGG CTC ATT TG-3', Jz [ 5]
. 5'-AGG GGC CAT CCA CAG TCT TC-3',

ik GSEA H A %5)

( mCherry

© MR IT F EHFFNHFEIH

1.2.4 B B % % R W % I (enzyme-linked
immunosorbent assay, ELISA) B B 45 95 40 B 45 Fh
T6 fLArh, A TETE MG B AR B SR 24 h,
W 4R 4% 18 15 97 3k, M VEGFA ELISA 5] &
(Abebio, EH) JyEi#1T,
1.2.56 B msen B FRmA R 24 fLik T,
FA 1x10° 4~ HUVECs i 4/ 85 F72 5k 500 pL A
Blaflrb, WA E 8 ho BE BREBIWEIE
A I BT IR (100 £5 ) |, BEASRE S BE AL B
3R A EF A B, ] Image] PR35 TE W 1Y
MAEE, I A HZ E R 25 .
1.3 GitZ4bE

S A YOk FHIBM SPSS 22,04k 7 i 47 46
Tt B R RN E Y . LOXL2
MVEGF A Z [a] (8 4H 5 % 73 A >R FHZR A 013 73 B o
P<0.05 M 2R A GIHEE Lo

2 & =R

2.1 LOXL2 EAREEEBARPHIFRIE

Wl N EGEORE, BEAT 4 A A i AR 55
LOXL2MFRIE IR, FEGSET6297HIGSE107943%k
WP R, LOXL2TE A EH S I B 5
TFIE AL (¥P<0.0001) o I H7E BN Y 98 Fi
FEoGREA T ALV M LOX L2t W T 55
A (¥P<0.0001) (E1) .
2.2 GSEA ##f

T #GSET6297 %4 FEA R , i@ i GSEA ST Hr
LOXL2Z 5 &L A L4, AILOXL2
ZH5MWANMEE R ERE (NES=1.583, £ X
P=0.012; NES=1.632, 4 X P=0.002) ([K2) .
2.3 LOXL2 BKRiEE VEGFA RiktHx ML

M GSE26566. GSE76297 . GSE89749F
GSE1079438¥E FE i Mr K9, LOXL2M £k
VEGFAM L IEM K (r=0.320, 0.243. 0.234,
0.665, ¥P<0.05) (K3) .
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GSE76297 GSE107943
3.2 15=
ED P<0.000 1 /QI:D P<0.000 1
2 £ L X J
Z 3.0 ® e Z
o Coe® g 10
| P b
2.8 T ®
= = P v
= st z s
E E ® e
N 2.6+ S L 4
= =
Q (@)
=) =]
2'4 n n O . L] n
s (n=92) s (n=91) s (n=27) S (n=30)
GSE76297 GSE107943
3.2= 15—
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Z 3.0 <
g I8 10—
| P
o gl K
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Z Z
e = 5
g g
o 2.6+ S
b3 b3
Q Q
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2.4 T T 0 T T
O AR S (n=90) B R AEE DS (n=27)
1 LOXL2 BN E AR RIE
Figure1 Expressions of LOXL2 in CCA and tumor adjacent tissues
Enrichment plot: GO_ANGIOGENESIS Enrichment plot: LU_TUMOR_VASCULATURE_UP
0.8/
u;a 0 5, NES=1.583 g 0.7, NES=1.632
i =2 | Nominal P=0.012 ot 0.6 Nominal P=0.002
= = gl
z 03 g 04
E 02 £ 03
< 02| <€ 02
‘5 0.1} i= :
£ ! ~ ; £ 01
00, 00 P
-0.1
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Figure2 GSEA analysis using GSE76297 data
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GSE26566 GSE76297

10 - 10 -
—~ r=0.320 —
ED P<0.01 ° Eﬂ

B 8- i 9 -
b c . 3
K ‘ s ® K
e ° < $8q o z
= @ (2

£ 64 £ 84
= oo ® =
g ) =
= o ® =

4 L] L) L) 1 7 L] L] L]
2 3 4 5 6 6 7 8
LOXL2 mRNA ik (log2) LOXL2 mRNA ik (log2)
GSE89749 GSE107943
7.0 -
—~ r=0.234 .
N P<0.05 %
< 2
I#6.5 )
# X
" +®
< <
Z =
6.0+ %
< <
= =
&) &}
= =
- -
5.5 T 1 8 L] L] 1
5.5 6.0 6.5 0 5 10 15

LOXL2 mRNA FikE (log2)

LOXL2 mRNA k& (log2)

3 £ GEO ##E+ LOXL2 #1 VEGFA HIRIEX F
Figure 3 Correlation between LOXL2 and VEGFA in GEO datasets

2.4 F¥i LOXL2 J§ VEGFA HIRIERI T

S GEORE & MLOXL2 5 VEGFA 1 1F 4
K, WHEMLOXL2A BN VEGFA R ik, £
FHRIW AR LW LOXL2E HTIEQBCI39 L RBE
Az, LR T AEQBCO394N il A g T Ik
LOXL2%4 8, RBEZHMIFE G it FRIKLOXL2H 5 ,
TR AR, i 3R GE TR Y A0 M 2 it
SO e, 9 I TR LEE Ao 3 38 RN T A9 4 il 2%
6 (K4) . @it Western blotFIRT-PCR A 7 &
TEQBCI394H I T LOXL2JG, VEGFARZ [ Al

© WA )T i [ & F I F 2P H

mRNAZFEEW B T (¥P<0.01) , FERBE4 i it
FIKLOXL2JG, VEGFARE I MimRNA KL B
FiE (¥P<0.01) (FE5) .
2.5 T LOXL2 FREE E MM VEGFA B 47 i
7KF
— L ELISASL TR T HLOXL2 )5
XTVEGFAR 43520, &R IAEQBCI39 40 i 14
LOXL2J5, SXMMRA4 L, VEGFAR 4K
W (P<0.01) , MERBE4HME T EIELOXL2
J5 . SRR R, VEGF AR Z: WK - B 5 5 hin
(P<0.01) (Ke6) .
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M6 mCherry Do

e
W) ¢ o
% £ » A =
= g »
2 » 3
= A 2
q ™
= Y
3 S Y
£ ) T
-
o ! .
) Y

shLLOX1.2-QBC939

’ % 1 & fos” B
4 TOLRMYENRFHFEIE RBE 4570 QBCI39 ( x400)
Figure4 RBE and QBC939 cells transfected with the lentivirus observed under fluorescence microscopy (x400)

QBC939 RBE

. TA L —
VEGFA o S — VEGFA

LOXI2 ’ LOXI2 -

A Tl R it ikl A
QBC939 RBE
1.54 1.5-
X HEZH Xof IR 2]
Rl puSoiil
= P<0.001 P<0.01 i P<0.001 P<0.01
4 1.0 - - ] 1.0 = =
% .
£ - z T
z z
2 051 Z 0.5+
g T g
-
0.0 . . 0.0 : :
LOXL2 VEGFA LOXL2 VEGFA B
5 T LOXL2 FREEEMAN VEGFA BIRIEER  A: Western blot %] VEGFA 1381k ; B: qRT-PCR %l VEGFA
mRNA ik

Figure S VEGFA expressions in CCA cells after LOXL?2 interventions A: VEGFA protein expressions determined by Western blot;
B: VEGFA mRNA expressions determined by qRT-PCR
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6 T LOXL2 FREEE4AE VEGFA K53 ik F
Figure 6 Secretion levels of VEGFA in CCA cells after LOXL2 interwentions

I 1) S5 R RS 3R B SR HUVE Cs 5 0 B4 HL A,
2.6 F1 LOXL2 g4 in & 2 B B %2 K B B (P<0.01) , T FHELOXL2
WA A g A 5 A B ) 5 A R SR SR AL kAT 1 QB CO394H i i) 25 A 15 TR B G FR I HUVECs 5 X #]
M RS g, 45 IR, i RIBLOXL2HRBE A, EIEEREOH B> (P<0.01) (KE7) .

7 MEWMHRERLER

Figure 7 Results of the angiogenesis assay

L RBE % {753k

X HR 2 QBC939 &5 73k

LA 20 U0 o e AT, R A4
3 i i@ e o R P A 2 R A Y G UL
R EL 28 R SRR I S A AR — R R

WL OTE AR RO . MG LR R N R 4 IR A0 2 b
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H28 %

R Z b Az K B 3 o AN () A AL o 35 i A
AL, HPVEGFARR EEMAERKHE T, #MiGHE
5 3E IS T N R AN L AR AT RS, E P9 R A i
HEZE LB IR R R B R A a2
O TR IR, (H 2 AE 36y 04 98 75 i /E F A B L
Rl R aE 20, [H A o B A B A IR 4S8
138 A2 B 43 F LT o AR BIF 5T 3 2 BOHE 2 43 B K
Y g K 5 E, LOXL23E i FiE VEGFAfE i 14
Ja I A A B, AT AR A IR ) R

LOXL2 /2 1 24 Mt A AL B KX 54 i 51 (LOX |
LOXL1., LOXL2, LOXL3., LOXL4) Hf{—H
i 2 Tt AR Ak Tl K R R 5 AT 4E 45 gl 2R
L0 I A A DA K R s b A 56 LOX L2 7E
SMMEhEERL, S5 THENERSR, @
CEE N SN i R OF oY IR 01 A L PRk L%
HA K HLOXL2HE H /K FTE M Bl 8Um R ik,
S5 THEWIER, WA T RENSEERFR
DL Te g it R W A A% . TEGEOSHE & o #r, iF
— S T LOXL2HImRNA K - 78 IH A i 4H 4 s 36
ik o LOXL238 i A [6] 49 4 I BL A2 35 1 b g 1 3k
Ji& o LOXL2 W] #4964 4 B 43 6 20 48 i 4, & 4% 1
F2 T 1 SR A b 4 M A 5 T R A AR R M A
14 22 B S R AR, A A 3 I A AR R AN A i g
) A A R GE A AR T R AP ROR B, AT LA
RS R AT S B BE T R A A Y A A AN
BERUOT M N B LOX L2 & 4% A VE FH 26 BL7E P 5
M, —HHEENS R 453 K
Vi) S5 2 A DA T 18 28 P g 1y b Jre U0 5 — O TR &
57— S {5550 s

Zaffryar—Eilotfg[mw%FHLOXL2$}EF§E?}?M§
(AB0023) #I4fil 1 1 &0 . Jfifis DL K 2L B i iy o
B TR B Wang 2Pk B AE I 41 M T J HIF -
la FFMEERELTLOXL2N TR M. HE
LOXL2%5 3 I & T2 s L e A SRR WG, At
LIS GSEAM &L LOXL2 WA fES 5 T A
FER AL . BT VEGFALE I Wik &
AR, ABFSERE S 7EGEO IR E /X T LOX L2 5
VEGFAWMRIEXR, KIMEMERAELZ AR
PE B UIAR G, FERSP LS, ot T HLOXL2 W
X VEGFAR FIEF M, UELLOXL2HE# I 77
VEGFARYFRIL A4, JF H 52w T2 . fHr
Mo iE, LOXL2FENF . i, B P2RL e ik £F 4
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eyt Bl EEAER L O HLOXL2 B o B it 4
T 3 ) S 56 8 06 30 ) BF AR 44, L LOX L2
A RE R B TR T I — BT AT

ZE Lk, AR LB, LOXL27E A i b
Ik, T FVEGFALE#E T M Ay 45 2 %,
SHLOXL2 B IS Ji i 7 1 A0 s S (AL B AR Al
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